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 KOJOM VRSTOM MLEKA JE MOGUĆE PREVENIRATI NASTANAK SIDEROPENIJSKE ANEMIJE 
KOD ODOJČADI – KOMPARATIVNA STUDIJA
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Introduction
The problem of iron deficiency anemia, although 
being a multi-interesting topic, is still not enough 
talked  about.  According  to  the  reports  of  the 
World Health Organization (WHO), anemia is ”... 
one of the most common diseases of undernou-
rishment  in  the  world...”.  Thirty  percent  of  the 
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Summary
Introduction. The most common cause of sideropenic anemia in 
infants, during the period of their fast growth and development, is 
inadequate nutrition or insufficient intake of food rich in iron. The 
aim of this paper is to provide the insight into the problem of anemia 
and to emphasize nutrition as an important etiologic factor in the 
onset and prevention of anemia in infants. Material and Methods. 
Two retrospective studies were conducted at the Institute for Child 
and  Youth  Healthcare  of  Vojvodina,  Department  for  Infant  and 
Small Children’s Pathology. The first study covered the period of 
eight years (1988-1995), and it included a total of 507 children, aged 
1-24 months. The second study covered the period of two years 
(2010-2011) and a total of 290 children aged 1-12 months were in-
cluded. The diagnosis of anemia was made according to clinical ex-
amination or after taking routine laboratory tests. According to the 
criteria of the World Health Organization, all children were divided 
into those with severe, moderate or mild anemia. Results. Out of 507 
children examined in the first study, 333 (65.68%) were breastfed, 
while 174 (34.32%) had never been breastfed. In the second study, 
206 (71.03%) out of 290 children were breastfed, while 56 (19.31%) 
had never been breastfed. In both studies the highest percentage of 
children breastfed for the longest period was among children with 
mild form of anemia, while the children who were breastfed for the 
shortest period had severe anemia. In addition, the highest percent-
age of anemic children was supplementary fed with cow’s milk in 
both studies. Conclusion. Short natural diet, early introduction of 
supplementation and choice of milk could be determining factors in 
the development and manifestation of anemia.
Key words: Milk; Infant; Anemia, Iron-Deficiency; Breast Fee-
ding; Infant Nutritional Physiological Phenomena; Risk Factors; 
Hemoglobins; Iron
Sažetak
Uvod. Najčešći uzrok nastanka sideropenijske anemije kod odojča-
di, tj. u periodu ubrzanog rasta i razvoja, jeste nepravilna ishrana ili 
nedovoljan unos gvožđa hranom. Cilj rada je da pruži uvid u pro-
blem pojave anemije i da potencira ishranu kao važan etiološki fak-
tor za nastanak, odnosno prevenciju anemije u odojčadskom uzra-
stu. Materijal i metode. Retrospektivnim studijama koje su spro-
vedene u Institutu za zdravstvenu zaštitu dece i omladine Vojvodi-
ne, na Odeljenju za patologiju odojčeta i malog deteta, obuhvaćeno 
je 507 dece uzrasta 1−24 meseca u periodu od 1988. do 1995. godi-
ne i 290 dece uzrasta 1−12 meseci tokom 2010. i 2011. godine. Dija-
gnoza malokrvnosti postavljena je na osnovu kliničkog pregleda ili 
nakon uzimanja rutinskih laboratorijskih nalaza. Sva deca su pode-
ljena, prema kriterijumima Svetske zdravstvene organizacije, na 
decu sa teškom, umerenom ili lakom anemijom. Rezultati. U prvoj 
studiji, od ukupnog broja dece, 333 (65,68%) dece bilo je dojeno, 
dok 174 (34,32%) nikada nije bilo na prirodnoj ishrani. U drugoj 
studiji, od ukupnog broja dece, 206 (71,03%) bilo je dojeno, dok 56 
(19,31%) nikada nije sisalo. U obe studije, najveći procenat najduže 
dojene dece bio je među decom sa lakim oblikom anemije, dok su 
najkraće dojena deca bila sa teškim oblikom anemije. Isto tako je u 
obe studije najveći procenat teško anemične dece dohranjivan krav-
ljim mlekom. Zaključak. Kratkotrajna prirodna ishrana, rano za-
početa dohrana i izbor mleka mogli bi biti determinišući faktori u 
nastanku i ispoljavanju anemije. 
Ključne reči: Mleko; Odojče; Sideropenijska anemija; Dojenje; 
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world’s population, that is 1.3 billion people have 
iron deficiency; the percentage being 43%, 51% and 
37% in the children of pre-school population, wo-
men and children of school-age, respectively [1].
 Iron deficiency anemia is the most common he-
matological disorder among infants encountered in 
everyday practice. Although many studies have tac-
kled this problem, it has not lost any of its relevance 
over time, since the factors causing iron deficiency 
anemia  are  still  present  in  our  environment  [2]. 
Three quarters of cases of anemia in the first two 
years of life are caused by iron deficiency. During 
this period of life there is an increased need for iron, 
combined  with  iron  loss  and  undernourishment, 
which is why this age is known as ”hematologically 
vulnerable age”. According to some authors, anemia 
affects children from poor social, hygienic and cul-
tural backgrounds. Studies indicate that iron defici-
ency anemia has a growing trend, especially in eco-
nomically  deprived  conditions,  in  the  countries 
where iron is almost completely absent in the diet of 
population, or in countries where the diet is reduced 
because of poverty, war, inadequate agricultural po-
licy or wrong social doctrine [2-4]. However, this 
type of anemia is also present in rich, industrialized 
countries, where it is caused by the consumption of 
refined and technologically processed food, which 
is rich in energy but less valuable in quality.  A cer-
tain amount of iron and other elements involved in 
the synthesis of hemoglobin is lost in the process of 
food production. Therefore, many countries started 
iron supplementation of different types of food in 
order to compensate for inadequate food intake of 
iron. Flour, salt, cereals, rice and various spices are 
enriched with iron to prevent the development of 
anemia  [5].  The  most  often  cause  of  sideropenic 
anemia  in  infants  during  the  period  of  their  fast 
growth and development is incorrect nutrition or in-
sufficient intake of food rich in iron. This is the rea-
son why this anemia falls into the group of nutritio-
nal anemias. The prevalence of anemia in this vul-
nerable period is more than 30% [2, 6]. It is well 
known that both human and cow’s milk contain insu-
fficient amount of iron (1.5 mg/L and 0.5 mg/L, res-
pectively). Keeping in mind the average absorption of 
iron of about 10%, it is to be expected that infant’s 
nutrition will be deficient in iron, because milk is the 
main and basic food for an infant. Due to the increa-
sed need for iron intakes at this age, and because of 
the relatively low value of iron in foods, even in its 
most perfect form, with a proper diet, the quantity of 
iron consumed is not enough for most children to pre-
vent the development of nutritional anemia. Therefo-
re, iron deficiency in infants is often caused by the 
use of milk diet without added iron or with inadequ-
ate addition of iron [2, 7, 8]. During the first year of 
life, infants born at term require 160 mg, and pre-
mature infants about 240 mg of iron to meet the 
needs of erythropoiesis. Approximately 50 mg of 
iron is provided from the disintegrated erythrocytes 
that are physiologically present in the first week of 
life. The rest of  iron must be provided through food. 
Human and cow’s milk contain small amounts of 
iron (about 1 mg Fe/L). However, iron in human 
milk is absorbed better (49% vs. 10% in cow’s milk). 
This is the reason why infants who are breastfed for 
the first six months of life have higher levels of se-
rum  ferritin  and  saturation  of  transferrin  greater 
than children fed with cow’s milk. In addition, in 
children who were fed with unmodified cow’s milk, 
iron deficiency can occur not only because of scarce 
iron content of milk and reduced absorption of iron 
from milk, but because of possible bleeding from 
gastrointestinal organs [2, 8]. 
The aim of this paper is to provide at least a 
partial insight into the problem of anemia and to 
emphasize nutrition as an important etiologic fac-
tor for the development of anemia in infants.
Material and Methods
We compared two retrospective studies conduc-
ted at the Institute of Child and Youth Healthcare of 
Vojvodina,  Department  for  Infant  and  Small 
Children’s Pathology in different periods of time. 
The first one was conducted from 1988 to 1995 and 
included 507 hospitalized children aged from 1 to 
24 months. The second study was conducted from 
2010 to 2011 and included 290 hospitalized children 
aged from 1 to 12 months. The children were re-
ferred to the Institute with different diagnoses, and 
diagnosis of anemia was based on the typical history, 
physical examination and the results of routine labo-
ratory tests. All laboratory data were obtained in the 
laboratory of the Institute for Child and Youth Heal-
thcare of Vojvodina in Novi Sad and the following 
instruments were used: automatic biochemical sy-
stem Hitachi 704, hematological counter MS9 (Me-
let Schlosing), ISE analyzer AVL 983 Scales Sartori-
us 6000, centrifuge Hermle 9 and mixer Hanna 4. 
Hematological parameters were obtained by using 
the hematological instrument MS9. This instrument 
determines the number of erythrocytes with the help 
of  volumetric  impedance  (Baker’s  principle).  The 
principle of counting and determining the size of ce-
lls is based on the difference in the conductivity of 
pure cells and diluents in which the cells are suspen-
ded. The level of hemoglobin (HGB) was determi-
ned by the standard cyanmethemoglobin method. 
According to the criteria of the WHO, the entire 
population of children was divided into three groups 
by the values of hemoglobin, biochemical and hema-
tological  status.  These  groups  were  as  follows:  1) 
children with severe anemia (hemoglobin level be-
low 70 g/L), 2) children with moderate anemia (he-
moglobin level between 70 and 90 g/L), and 3) chil-
dren with a mild form of anemia (hemoglobin 90 to 
110 g/L). All children were analyzed according to 
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the type of milk feeding and the intensity of anemia. 
The collected data were processed by the appropriate 
modern statistical methods.
Results
The first retrospective study included 507 chil-
dren aged 1 to 24 months with sideropenic anemia 
who were hospitalized at the Institute of Child and 
Youth Healthcare of Vojvodina, Department for In-
fant and Small Children’s Pathology during the pe-
riod of eight years. Among the examined children, 
9.07% suffered from severe anemia, 43.98% had a 
moderate form, while 46.94% had a mild form of 
anemia.  The  second  retrospective  study  included 
290 children aged form 1 to 12 months with sidero-
penic anemia who were hospitalized at the Institute 
for Child and Youth Healthcare of Vojvodina, De-
partment of Infant and Small Children’s Pathology 
during the period of two years. Among the exami-
ned children, 4.82% suffered from severe anemia, 
24.13% had a moderate form, while 71.03%  had a 
mild form of anemia (Graph 1). Out of 507 chil-
dren examined in the first study, 61.74% were un-
dernourished.  The  analysis  of  the  collected  data 
shows that the highest percentage of underweight 
children had severe anemia (15.22%). Children who 
had been well-fed developed a mild form of anemia 
(48.74%). Out of 290 children examined in the se-
cond  study,  23.44%  were  undernourished.  Body 
weight in children with a mild form of anemia was 
significantly higher compared to children with mo-
derate  and  severe  forms  of  anemia.  In  the  first 
study, 333 children (65.68%) were breastfed, while 
174  (34.32%)  had  never  been  breastfed.  Further 
analysis  of  the  data  shows  that  102  children 
(19.92%)  were  breastfed  only.  The  percentage  of 
breastfed infants in different grades of anemia was 
as follows: 50% (severe), 64.13% (moderate), and 
70.17% (mild). In the second study, 206 children 
(71.03%) were breastfed, while 56 (19.31%) had ne-
ver been breastfed (Table 1). Further analysis of the 
data shows that 83 children (28.62%) were breas-
tfed only. The percentage of breastfed infants in di-
fferent grades of anemia was as follows: 57.1% (se-
vere), 62.9% (moderate), and 74.8% (mild). In the 
first  study,  223  children  (43.98%)  were  fed  only 
complementary food, while 141 children (27.81%) 
were both breastfed and given complementary food. 
In the second study, 156 children (53.79%) were fed 
only  complementary  food,  while  32  children 
(11.03%)  were  both  breastfed  and  given  comple-
mentary food (Table 2). Among all the children 
examined in the first study, 2/3 diluted cow’s milk 
was given as complementary food to 34.52% chil-
dren, undiluted cow’s milk and goat’s milk was gi-
ven  to  5.33%  and  4.14%  children,  respectively; 
whereas 28.4% of children were fed different indu-
strial milk formulas. In the second study, the hi-
ghest  percentage  of  children  were  fed  industrial 
milk formulas (50%), 25.64% were fed 2/3 diluted 
cow’s milk, while ½ cow’s milk, undiluted cow’s 
milk and goat’s milk were rarely used. 
Our studies showed that there were significant 
differences among children with anemia of varying 
intensity with respect to breastfeeding. The highest 
percentage of children who were breastfed for the 
longest period were found to be the children with 
the mild form of anemia, while the children who 
were breastfed for the shortest period had severe 
anemia. In addition, there was a significant diffe-
rence in terms of complementary feeding among 
the three groups of children in both studies. The re-
sults revealed that cow’s milk was given as supple-
mentary food to 56.52% of the seriously anemic 
Table 1. Type of children’s diet
Tabela 1. Način ishrane dece
Diet 
Način ishrane
Breastfed/Dojeno Not breastfed/Nedojeno
I study/I studija II study/II studija I study/I studija II study/II studija
N 333 206 174 56
% 65,68 71,03% 34.32 19,31%
Graph 1. The intensity of anemia
Grafikon 1. Intenzitet anemije
Table 2. Type of children’s nutrition
Tabela 2. Vrsta ishrane dece
Type of nutrition 
Vrsta ishrane
Breastfed only
Prirodna
Complementary fed
Veštačka
Breastfed and complementary fed
Dohrana
I  II I II I II
N 102 83 223 156 141 32
% 19,92 28,62 43,98 53,79 27,81 11,03170
children in the first study and 64.3% in the second 
study, 43.05% of moderately anemic children in the 
first  study  and  51.4%  in  the  second  study  and 
42.44% of the children with a mild form of anemia 
in the first study and 53.9% in the second study. 
Discussion
Anemia in children under two years of age is a 
common health problem due to the fact that their 
growth requires a high intake of iron which is usu-
ally not provided by their diet [9]. By comparing 
these two studies it was observed that the percenta-
ges of the children with severe and moderate form 
of anemia were twice lower in the second study, 
while the percentage of the children with a mild 
form of anemia almost doubled compared to the 
first  study.  Anemia  is  usually  caused  by  several 
associated factors, rather than individual ones. The 
important factors are the impact of environment, 
socio-economic factors, habits in the family, espe-
cially the ones related to the mother, certain indivi-
dual characteristics (gender, time and way of deli-
very, birth weight and associated diseases) as well 
as the child’s diet. The level of nutrition is certainly 
correlated with different quality of alimentary defi-
cit. In infancy, the overall mental and physical de-
velopment depends primarily on the diet, and the 
diet relies almost entirely on the attitude, percepti-
on, cultural and health education of the mother [2]. 
Most of the authors think that children suffering 
from anemia due to iron deficiency tend to have 
lower body weight [10, 11]. Other authors, however, 
believe that better nutritional status does not neces-
sarily mean higher hemoglobin values, that these 
two factors are not directly related [12–14]. Accor-
ding to the data from both studies, the body weight   
of children with a mild form of anemia was signifi-
cantly higher compared to the children with mode-
rate and severe forms of anemia.
It is well known that milk is a prototype of 
food poor in iron. In the first six months of life, 
milk is the basic food. It has been shown that the 
absorption of iron from breast milk is much higher 
compared to cow’s milk. Fortified milk formula 
contains the highest amount of iron, and its use is 
recommended in the diet of children under one 
year of age. Literature indicates that anemia has 
the highest prevalence in children fed with cow’s 
milk, while it is less common in breastfed chil-
dren. Prevalence of anemia is the lowest in chil-
dren fed with adapted milk formulas. These are 
the reasons why the WHO recommends that in-
fants who are not breastfed should not get diluted 
or unmodified cow’s milk until the age of one. 
Iron rich baby formulas are therefore highly reco-
mmended [2, 15–19]. The comparison of these two 
studies shows that the children from the second 
study sample were breastfed in a slightly higher 
percentage (71.03%) compared to the first study 
(65.68%). In both studies, the children with a mild 
form of anemia were breastfed in the highest per-
centage.
In 1928, Helen McKay concluded that anemia 
was common in infants on complementary diet, but 
did not know the exact reason for this phenomenon. 
Eight decades later, studies suggested that the re-
sults of her research about the dependence of infant 
feeding and the development of anemia could be 
accepted with only minor adjustments. Therefore, 
she  is  considered  to  be  the  founder  of  modern 
study of anemia caused by iron deficiency. At that 
time, breastfeeding lasted much longer than today, 
and the results of her study showed that the hemo-
globin concentration was higher in breastfed chil-
dren. Complementary feeding at that time was ac-
tually cow’s milk powder, without the addition of 
iron and other minerals or vitamins. She identifi-
ed the real cause of this phenomenon to be better 
absorption of iron from human milk (50%) than 
from cow’s milk (10%). Approximately one third 
of  the  infants  who  were  fed  with  cow’s  milk 
showed blood loss through stool, which could be 
another factor in developing anemia due to iron 
deficiency. In addition, she suggested a definition 
of anemia, which is very similar to the one given 
by the WHO 40 years later [2, 15, 20]. 
As for the kind of milk introduced during the 
complementary feeding, 2/3 diluted cow’s milk was 
mainly used in the first study, whereas in the second 
study, the use of industrial milk formulas was domi-
nant, which is in accordance with the recommenda-
tions of the WHO. Frequent use of industrial milk 
formulas in nutrition of children, that was observed 
in the second study, may indicate a higher level of 
health education of mothers and may suggest the in-
crease in socio-economic standards of the populati-
on compared to the previous periods [2, 5].
Inadequate nutrition is a significant problem, es-
pecially in this vulnerable population. Since defici-
ent diet has a negative impact on general health of 
population, anemia is considered to be not only a 
health problem, but a social problem as well [2]. The 
analysis of the results of our studies shows that chil-
dren who used cow’s milk as complementary food 
had severe form of anemia. Short-termed natural 
nutrition, early supplementation, and choice of milk 
could  be  determining  factors  in  the  development 
and manifestation of anemia [2, 8, 16, 19, 20]. Brea-
stfeeding for more than six months of life without 
the addition of iron, early feeding with unmodified 
cow’s milk or solid foods can be the causes of side-
ropenic anemia. It can also be caused if non-fortifi-
ed baby formulas are used longer than four months 
without  introducing  other  mixed  foods.  Children 
who are born at term and breastfed for the first six 
months of life are not at risk in terms of iron defici-
ency. After this age, if the child is not breastfed, su-
pplementary diet should include industrial milk in-
fant formula enriched with iron. At the same time, 
it is recommended to introduce mixed foods. If so-
lid foods are introduced to children who are still 
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being breastfed, it can improve the bioavailability 
of iron from human milk [21]. 
Conclusion
Anemia due to iron deficiency effects people of 
all ages and from all economic groups, although it 
is more common among the younger population 
groups,  particularly  infants  and  young  children 
aged from 1 to 24 months. It is particularly com-
mon  among  people  with  insufficient  nutrition. 
From what has been said, one can only imagine 
the extent to which iron deficiency anemia is wi-
despread in our country and worldwide. What is 
yet undiscovered is the percentage of patients who 
are not registered and are thus not treated. 
The  comparison  of  two  retrospective  studies 
shows that the percentage of children with severe 
and  moderate  forms  of  anemia  had  decreased 
through the years and it was twice lower in the se-
cond study, while the percentage of children with 
a mild form of anemia had increased, in fact it do-
ubled in the second study. Both studies confirmed 
the significant role of breastfeeding in prevention 
of sideropenic anemia. Also, it has been observed 
that the diet of children changes through the years 
and that diluted 2/3 cow’s milk, which was previo-
usly frequently used in complementary feeding of 
children, is now often replaced by adapted milk 
formulas, which is in accordance with the World 
Health Organization recommendations.
Given the high prevalence of anemia in infants 
(30% of children treated at the Department), all the 
necessary social, economic and educational measu-
res muste be taken to correct the diet and to ensure 
optimal nutritional and energy needs, as well as the 
needs for iron, and thus prevent development of si-
deropenic anemia in this age group.
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